Background: Reproductive diseases limit the productivity of cattle worldwide and represent an important obstacle to profitable cattle enterprise. In this study, herd brucellosis and bovine genital campylobacteriosis (BGC) status, and demographic and management variables were determined and related to predicted calving rate (PrCR) of cattle herds in Adamawa, Kaduna and Kano states, Nigeria. Serum samples, preputial scrapings, questionnaire data, trans-rectal palpation and farm records were used from 271 herds. The Rose-Bengal plate test and competitive enzyme-linked immunosorbent assay were used for Brucella serology and culture and identification from preputial samples for BGC. A herd was classified as positive if one or more animals tested positive. The PrCR was determined as the number of calvings expected during the previous 6 and next 6 months as a percentage of the number of postpubertal heifers and cows in the herd. A multilevel linear regression model was used to estimate the herd-level effect of Brucella abortus seropositivity, Campylobacter fetus infection and other factors on calculated PrCR.
Background
Cattle are the largest livestock enterprise in the agricultural sector in Nigeria, with a national herd of about 15.3 million [1] . However, the productivity and reproductive efficiency of indigenous Nigerian cattle are low [2, 3] . About 95% of all food animal populations in Nigeria are in the hands of nomadic and semi-nomadic traditional farmers, who utilise relatively inefficient production systems [4] . Therefore, the causes of poor productivity need to be identified and addressed [5] .
Reproductive indices reported in nomadic cattle herds in Nigeria include age at first calving of 60 months, calving interval of 17 to 24 months, annual calf crop of 40% and total lifetime number of calves produced by a cow of 2.5 [6] . Other reported indices include age at puberty of 40.2 months [7] , calving to first conception of 7.8 months [8] and first service conception rate of 46.7% [9] . These indices are affected by several factors such as poor genetic material [2, 3] , adverse environmental factors [10] , inadequate veterinary services [3] , age and parity of the dam [5] , inadequate nutrition [11] , suckling [8] , inadequate oestrus detection [12] and widespread infectious and parasitic diseases [3, 13, 14] .
Measurement of annual calving percentage is a good measure of herd reproductive performance; however, it involves visiting the farm at least monthly for a period of one year to monitor and record calvings as they occur, and even then it depends on the farmer's records, which are often poor and inadequate, or their recall. Predicted annual calving rate (PrCR), on the other hand, is a robust indicator of breeding performance and herd fertility, taking into account the number of pregnant animals and estimated ages of foetuses based on trans-rectal palpation, as well as estimated ages of calves in the herd at a single time point [5, 15, 16] . It is also independent of the season in which the data are collected, which can be a confounder when other indices are used in herds with seasonal calving patterns [17] . However, single-day examination of a herd and prediction of calving rate may be prone to bias in that it cannot account for future cases of abortion and is dependent on accurate aging of pregnancies.
Brucellosis, caused by Brucella abortus, and bovine genital campylobacteriosis, commonly caused by Campylobacter fetus venerealis [18] , are known to be prevalent in Nigeria and have been implicated in infertility [13, 14] . They result in huge economic losses due to abortion, repeat breeding, decrease in number of calves, culling and replacing affected animals and decreased milk production due to clinical mastitis [3, 13, [19] [20] [21] [22] . In contrast, studies of trichomonosis in Nigeria have revealed a low or zero prevalence [23] [24] [25] . These venereal diseases are transmitted by communal bulls in management systems commonly found in various locations across Africa [26] ; however, their influence on reproductive performance has not been well studied on a herd basis in communal farming systems [27, 28] .
The purpose of this study was firstly to estimate the reproductive efficiency of cattle herds in Northern Nigeria, as reflected by PrCR, and secondly to investigate the effect of brucellosis, BGC, and other managemental and environmental factors, on PrCR.
Methods
This study was performed in conjunction with a survey to determine prevalence of and risk factors for brucellosis, BGC and trichomonosis in cattle herds of Northern Nigeria [23, 29, 30] . The research protocol was approved by the Animal Use and Care Committee and the Research Committee of the University of Pretoria (Protocol no. V073-08).
Study areas and study design
Three states, namely Adamawa, Kaduna and Kano, were selected from the 19 Northern states of Nigeria. Adamawa state is situated at 8-11°N and 11.5-13.5°E, Kaduna state at 9-11.3°N and 10.3-9.6°E, and Kano state is at 12°N and 9°E ( Figure 1 ). All three states have Sudan or sub-Sudan savannah in the north and tropical grasslands of Guinea savannah in the south.
The study design was previously described [29] . Briefly, a cross sectional study was conducted using multistage cluster sampling. Sample size was calculated to estimate a 40% herd prevalence of brucellosis with 10% absolute precision and using a design effect of 2.8 to account for the multistage sampling design. Each of the three selected states was divided into three administrative geographical zones, and two local government areas (LGA's) were randomly selected from each zone, giving a total of six LGA's from each state, using as sampling frame a list of all LGA's in each zone. Approximately 50% of wards were randomly selected from a list of all wards in each selected LGA (Figure 1 ). Since no sampling frames were available for selection of herds within wards, herds were selected by visiting the farms and enrolling them as they consented to participation. An average of three herds was selected per ward, giving an average of 15 herds selected per LGA. A total of 271 herds was sampled.
Animal and herd classification
Selected herds were visited once each between July 2008 and June 2009. Herd and individual animal data collection, and animal sampling were done during this visit.
All the postpubertal bulls, postpubertal heifers, breeding bulls and cows were sampled in each selected herd. A postpubertal bull was defined as a bull that had been successfully mounting other cows or heifers by achieving intromission. A postpubertal heifer was a female that had been observed exhibiting oestrus or standing to be mounted by a bull or on trans-rectal examination had either of the functional structures, i.e. corpus luteum or follicle, on their ovaries.
Four management systems were encountered during the study. The pastoral management system was characterized by cattle grazing on fallow land close to the place of settlement of the owners during the rainy season but covering long distances, some even migrating, during the critical period of the dry season in search of natural pasture. Agro-pastoral management was characterized by cattle grazing locally and supplementation with mostly crop residues particularly during the dry and pre-rainy seasons. Commercial management systems were organized farms that were usually fenced with paddocked, improved pastures and concentrate provided as supplementary feeds. Zero-grazing systems were farms in which the cattle were confined or even tethered with restricted movement and feed was provided.
Sample collection and testing for Brucella abortus
Animals selected for blood sampling for brucellosis were first calf heifers which had calved at least six weeks previously, cows and postpubertal heifers and bulls. About 10 ml of blood was collected from the jugular, coccygeal or saphenous veins into Vacutainer ® tubes, and placed into an ice bath and transported to the laboratory for centrifugation, serum separation and storage at -20°C until ready for analysis. The Rose-Bengal plate agglutination test (RBPT) for brucellosis using RBP antigen (VLA, Weybridge, UK) and confirmation of RBPT-positive samples with competitive enzyme-linked immunosorbent assay (c-ELISA) (VLA, Weybridge, UK) were carried out as recommended by OIE [31] . Sampling and testing methods are discussed in detail in Mai et al. [29] , where the estimated animal-level sensitivity and specificity of the applied test system were calculated to be 87.9% and 99.8%, respectively.
Sample collection and isolation of Campylobacter fetus from bulls
Preputial scrapings were collected from all breeding bulls and other postpubertal bulls in the herds as described by Irons et al. [32] and used to isolate C. fetus as described by OIE [31] . At 72 h, a representative of a dewdrop colony that was Gram-negative, vibroid in shape and oxidase-and catalase-positive was transferred to a blood agar base (Oxoid, CM0055), streaked for purity and incubated under microaerophilic conditions for 72 h. Each culture and incubation was verified by using control strains of C. f. fetus and C. f. venerealis (ATCC 33247 and 19438 respectively). These isolates obtained were subjected to biochemical testing for H 2 S production using TSI agar (Oxoid, CM0277B), aerobic growth, growth at 25°C and 42°C and in the presence of 1% glycine, 3.5% NaCl and sensitivity to cephalothin and nalidixic acid.
Additional data collection
Interview-based, structured questionnaires were administered to the livestock owners on each farm at the time of sample collection, in order to gather information on potential animal-level and herd-level factors affecting PrCR. As far as possible, the herdsmen were interviewed in the presence of the owner or farm manager for about 30 to 45 minutes. Interview questions were focused on events on the farm over the past 12 to 24 months. Management, herd structure, location and environmental variables with a potential impact on PrCR were recorded. The reproductive status of each animal, such as suckling/ non-suckling, age and parity, as well as method of breeding, feeding, breed, etc. were obtained.
Age was estimated using farm records, dentition and, in some cases, cornual rings. Body condition score (BCS) was obtained as described by Pullan [33] and assigned by the same veterinarian for all animals. Pregnancy diagnosis, including age of foetus, and cyclicity were determined in all mature females using trans-rectal palpation as described by Arthur et al. [34] . All data were stored in a Microsoft Excel spreadsheet (Microsoft Corp., Redmond, WA, U.S.A.).
Determination of predicted annual calving rate
For the calculation of PrCR in each herd, the formula of Voh Jr and Otchere [5] and Stonaker et al. [15] was used to determine the number of animals likely to calve during a 12-month period (the previous 6 months and the next 6 months), as follows:
PrCR ¼ Number of calvings due in one year =No: of postpubertal heifers and cows
where:
a is the number of open, dry cows b is the number of open cows nursing a calf under 6 months of age c is the number of open cows nursing a calf 6 months of age and over d is the number of pregnant dry cows under 2 months of gestation e is the number of pregnant cows under 2 months of gestation and nursing a calf under 6 months of age f is the number of pregnant cows under 2 months of gestation and nursing a calf 6 months of age and over g is the number of pregnant dry cows at 2 months of gestation and over h is the number of pregnant cows at 2 months of gestation and over and nursing a calf under 6 months of age i is the number of pregnant cows at 2 months of gestation and over and nursing a calf 6 months of age and over.
The numerator for calculating annual PrCR therefore includes calves of 6 months of age or less (b, e and h) and all females which were pregnant on trans-rectal palpation, i.e. were more than 2 months in calf (g, h and i). This was considered the best period to choose as the pregnancy diagnosis results were accurate (carried out by an experienced veterinary surgeon and theriogenologist) and most farmers/herdsmen could remember calves of less than 6 months old [5, 15, 16] . The 'h' group was likely to produce two calves in one year and was therefore counted twice.
Statistical analysis
The unit of analysis was the herd and the outcome variable was the PrCR. Each independent variable (brucellosis, BGC and the management and environmental variables) was tested for bivariable association with the outcome using Student's t-test or ANOVA. Variables associated with the outcome at P < 0.2 were selected for the multivariable model. A multilevel, mixed-effects linear regression model with state as a fixed effect and nested random effects for LGA and ward was then constructed. Backward elimination was applied until all remaining variables were significant (P < 0.05), after which all other predictor variables were tested by adding them back into the model and retained if significant. Significance of the random effects for LGA and ward was assessed by comparing models with and without random effects using a likelihood ratio test. Fit of the final model was evaluated using a plot of residuals versus fitted values and a normal probability plot of residuals. The association between within-herd Brucella seroprevalence and PrCR was also determined. All statistical analyses were done using STATA 12 (Stata Corporation, College Station, TX, USA) and a significance level of α = 0.05 was used. Table 3 Age and parity of cattle sampled from three states of Northern Nigeria 
Results

Herd structure
The structure of the 271 herds sampled is shown in Table 1 . The average bull: female ratio was one mature male to eight mature females. The herd size ranged between 7 and 119 animals (median: 34; interquartile range (IQR): 25, 43).
Reproductive parameters
Because a few herds had no postpubertal heifers or cows, PrCR could be calculated for only 251 herds. The mean annual PrCR was 51.4%, ranging between 0% and 100%, while the pregnancy rate, defined as the proportion of cows and postpubertal heifers that were pregnant, was 32.5%.
Reproductive status and BCS
A total of 4,202 females consisting of 1,134 heifers and 3,068 cows were studied. The proportion suckling, and pregnancy and cyclicity status are shown in Table 1 . The BCS ranged from 2 to 5 (median: 3; IQR: 3, 4). Using two categories of BCS (≤3 and ≥3.5), there was a significant difference in the BCS between cyclic and non-cyclic cows (P < 0.0001) and between suckling and non-suckling cows (P < 0.0001) (data not shown).
Reproductive status of heifers and parity of cows and heifers
The reproductive performance records of heifers indicated that at <2 years some heifers started cycling; peak cyclicity (55%) and pregnancy (57%) were attained at 3 and 5 years respectively. The median age at puberty was between 2 and 3 years (Table 2) . Table 3 shows the distribution of parity by age. The median age at first calving was between 4 and 5 years.
Number of calves per cow lifetime in the herd and productive life of the cows A total of 2,840 cows were examined for which we had complete information about their ages (Table 3) . The cows had produced a total of 6,054 calves, i.e. 2.1 calves produced/cow. Furthermore, Table 3 shows that very few animals were kept beyond 10 years.
Factors associated with PrCR
The distribution of the various environmental and managemental factors and their bivariable association with PrCR at the herd level are shown in Table 4 . The crude absolute difference in PrCR between Brucella positive and Brucella negative herds was 33.2%, while that between C. fetus positive and C. fetus negative herds was 24.2%. All of the 59 herds that were Brucella negative had a PrCR of over 50%, while 124/192 (65%) of the Brucella positive herds had a PrCR of <50% (Figure 2) . The mean PrCR for Brucella positive, Brucella negative, C. fetus positive and C. fetus negative herds were 43.6%, 76.8%, 33.1% and 57.3% respectively. In addition, there was a strong negative association between within-herd Brucella seroprevalence and PrCR (P < 0.001) (Figure 3) . The final regression model of factors associated with PrCR is shown in Table 5 . The random effects for LGA and ward were not significant and therefore the normal multiple regression model without random effects was used. The residuals were normally distributed and the residual vs. fitted plot showed no evidence of non-linearity or heteroscedasticity. After adjustment for confounding by the other variables in the model, Brucella herd infection was associated with an absolute reduction in PrCR of 14.9%. In addition to this, C. fetus herd infection was associated with a further reduction in PrCR of 8.4%.
Herds that gave fodder and bran were associated with 6.5% higher PrCR (P = 0.044) and herds that gave concentrate with 7.9% higher PrCR (P = 0.037) than herds that did not. In addition, mineral supplementation and isolation and observation of cows during parturition and removal of afterbirth were associated with higher PrCR than herds in which these practices were absent. Furthermore, the presence of small ruminants, the presence of a handling facility and the introduction of new animals, particularly the introduction of >3 animals without quarantine, were significantly associated with lower PrCR in such herds (Table 5 ). Herd size was initially not significant in the bivariable analysis but after adding it to the final model and adjusting for other variables there was a significant positive association with PrCR.
Discussion
Reproductive indices are vital in the determination and management of herd fertility. It is apparent from this study that several factors are responsible for poor reproductive efficiency of cattle in Northern Nigeria. Previous studies on the reproductive performance of cattle in traditional herds in Northern Nigeria are more than two decades old [5] and there is a lack of data quantifying the impact of infectious causes of infertility [13, 14] . This report provides current information on reproductive efficiency and factors affecting calving rates in cattle in Nigeria. It is the only report that considers various management systems in one study. The average herd size of 37 in agro-pastoral production systems obtained in this study is similar to 38.3 reported by Voh Jr and Otchere [5] in agro-pastoral herds; but the herd size of 34.1 in pastoral herds (data not shown) is lower than 45.9 reported by Otchere [35] in the same management system.
From the global perspective, the previous few decades have witnessed a steady rise in bovine infertility [36] . The overall calving rate of 51.4% found in this study is similar to the 52 to 55% calving rate reported in Colombia [15] and the 55% observed by Voh Jr and Otchere [5] in the traditional agro-pastoral system in Nigeria. The pregnancy rate of 32.5% in this study is lower than the 42% reported by Voh Jr and Otchere [5] . Nevertheless, our study does not provide conclusive evidence to support a decline in fertility of the study population in Northern Nigeria.
It is apparent from this study that brucellosis and BGC have a significant impact on PrCR, and that there is a clear negative relationship between within-herd Brucella seroprevalence and PrCR. The outcome of brucellosis such as abortion, retained afterbirth, stillbirth and birth of weak calves or calf mortality affect the overall calving rate of infected herds. This tends to agree with reports by Aguair et al. [37] and Degefa et al. [38] . It is also consistent with the report that a 10% decrease in the number of calves was observed in Brucella positive cows [19] . Bovine genital campylobacteriosis causes similar clinical signs and therefore may be associated with infertility thereby lowering calving rate and other reproductive indices [39, 40] . Due to the fact that almost all C. fetus positive herds were also positive for Brucella, it was not possible to accurately quantify the impact of BGC alone. However, a combination of brucellosis and BGC was associated with poorer PrCR in this study than brucellosis alone (Figure 2 ), which would suggest that BGC has an additional negative effect. Despite this, our data confirm that it is possible to maintain good calving rate with only brucellosis or BGC infections, and even with both infections present a PrCR in excess of 70% is possible, provided that the withinherd seroprevalence of brucellosis is below about 20% (Figure 3 ). The fact that females often abort once and following that they reproduce normally in the case of brucellosis, and the acquired immunity conferred by C. fetus challenge, may explain the acceptable PrCR observed in some infected herds. Although management system was not significant in the multivariable analysis of PrCR, the model showed that the observed difference in PrCR between the management systems was partially accounted for by the other variables in the multivariable model. In the bivariable analysis, the PrCR differed significantly between the various management systems (P < 0.001). The crude PrCR being lowest in the pastoral system may be as a result of the movement of the pastoral Fulani herdsmen and interaction of their cattle with other Fulani herdsmen particularly at watering points during the dry season which may expose them to infection thereby lowering the PrCR. In previously published data from the same study we showed that the presence of brucellosis was positively associated with the pastoral management system [29] .
It was shown from this study that providing supplementary feeding and mineral supplementation were associated with higher PrCR, as were the isolation and observation of cows during parturition and removal of the afterbirth, and the presence of a handling facility were associated with lower PrCR. Such effects may be by proxy, in that the education level of the herd owner, availability of other sources of income, focus on other activities may all have impact on the general level of management, condition and health of the herd. Likewise, larger herd size is likely to be associated with increased animal movements, with the associated increased risk of contact with infectious agents. Indeed, farmers that introduced > 3 animals without quarantine were found to have 15% lower PrCR than farmers that did not. In the initial crude analysis, the association with herd size was obscured due to confounding; in the multivariable analysis PrCR was significantly associated with herd size, with larger herds having higher PrCR. The reason for this is not clear. The commercial and zero-grazing herds showed higher PrCR but had smaller herd sizes.
It was observed that over 61% of the multiple herd owners introduced >3 animals without quarantine in their herds. This is a risky practice due to the potential for Within-herd Brucella seroprevalence (%) Figure 3 Scatter plot of predicted calving rate (PrCR) vs. within-herd Brucella seroprevalence, with least squares quadratic fit, in cattle sampled from three states of Northern Nigeria.
introducing infections that may lower the calving rate.
Reports indicate that ownership of multiple herds potentially increases the risk of a herd being infected with brucellosis [41] , which may also affect the calving rate. Herds that had small ruminants had significantly lower PrCR. Cross infection of infectious reproductive diseases may be possible between species thereby lowering the PrCR. This tends to agree with findings by Megersa et al. [19] regarding mixed herds/flocks. The association between presence of a handling facility and lower PrCR may be due to the fact that such farmers may be likely to share their facilities with other farmers, leading to increased contact with other herds.
The median age at puberty observed in this study (2 to 3 years) is shorter than reports by Mukasa-Mugerwa [3] who showed average age at puberty of Bos indicus as 40 months. However, the median age at first calving agreed with estimates of 4 to 5 years reported by Voh Jr and Otchere [5] and 5 years by Zemjanis [6] . In addition, the reported age at first calving in indigenous tropical cattle of between 3 and 5 years, between 4 and 7 years for the second time and between 5 and 8 years for the third [42] are consistent with our findings. This study also revealed that age at first calving in cattle in Northern Nigeria can also be as low as 2 to 3 years, meaning that some animals attained puberty and conceived at about 1 to 2 years old. Oyedipe et al. [11] indicated that under improved management where seasonal nutritional stress is reduced, it is possible to achieve average age at first calving a little over 3 years.
The previously reported reproductive lifespan of cattle in Northern Nigeria of up to 10 years [5] is consistent with our findings. Almost all of the cows had been culled by the age of 10 years. We can therefore conclude from this finding that the productive life of cattle in this study area is up to 10 years. The low lifetime number of calves per cow may be attributed to late age at first calving, long calving intervals and early culling age. It is an underestimation of true lifetime production in that it includes animals which are still in the productive state. Suckling and nutrition are in a large part responsible for this reproductive inefficiency [5] .
Body condition score is a management tool that has proved useful in the assessment of the nutritional status of dairy and beef cows [43, 44] . Poor BCS of cows, mainly caused by poor management, was also considered to play a major role in reducing pregnancy rates [45] ; their results further suggest that an abrupt loss of nutritional status postpartum can impair uterine involution, and cause pregnancy failure in the early foetal development period when the placentomes develop. In addition, a one unit reduction in BCS from previous partum to 30 days postpartum resulted in a 2.4-fold increase in pregnancy loss [45] . Highly significant associations between BCS and pregnancy status (P < 0.0001) and BCS and cyclicity status (P < 0.0001) were observed in this study.
The limitations to this study were that the determination of age at puberty and age at first calving relied on observations of the farmers and herdsmen who are mostly uneducated, and on the herd size, the management system, etc. These may introduce some bias to the study. 
